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OOMPLHIE SFECIFICATION. 
Improvemeiits in or relating to High Voltage Rectifier Systems. 



We. E. K. Cole Limited, of Ekco Works. 
Priory Crescent, Southend-on-Sea. Essex, a 
British Company, do hereby declare the 
invention, for which we pray that a patent 
6 may be granted to us, and the method by 
which it is to be performed, to be par- 
ticularly described in and by the following 
statement: — 

This invention relates to high voltage low 
10 current rectifier systems for operation at 
high frequency (e.g. 50 Kc/s) of the type 
using the well known Cockcroft/ Walton 
principle. 

In such systems since the transformer 

16 peak A.C. output voltage is a fairly small 
fraction of the final output, the transformer 
ratio is smaller than that required for a 
simple half or full wave rectifier system. 
This means that a given total secondary 

20 circuit stray capacity reflects a smaller capa- 
city in shunt with the primary circuit. This 
has a beneficial effect on efficiency as the 
PR winding loss arising from this capacita- 
tive current and the loss associated with the 

26 stray capacity itself may well exceed the 
total useful rectified output power. 

The disadvantage of known forms of such 
system is that the stray capacity associated 
with the capacitors and wiring required for 

30 a Cockcroft /Walton chain increases the 
secondary circuit shunt capacity. The in- 
clusion of these capacitors increases the 
size, cost and weight of the rectifier assem- 
bly. In addition because each capacitor 

36 supplies the load current for all succeeding 
rectifiers m the cham it is either necessary 
to limit the number of rectifier stages in the 
chain or to use inconveniently large values 
of caoacitor lo avoid noor voltace reeulation. 

40 The present invention is a transformer fed 
rectifier system of the said type, so designed 
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that the interwinding capacities of the trans- 
former form a substantial ijart or all of the 
coupling and/or reservoir capacitances. 
The transformer designed for use in the 4,5 
system also permits a particularly low value 
of effective shunt capacity to be realised. 
Because each stage in the rectifier chain is 
fed from a separate secondary windmg. the 
rectifier system voltage regulation does not 50 
degrade as rapidly when the number of recti- 
fier stages is increased. 

The above and other features of the 
invention will be more readily understood 
by a perusal of the following description 55 
having reference to the accompanying draw- 
ings in which: — 

Figure 1 is a schematic view of a trans- 
former used in the invention: 

Figure 2 is a circuit diagram of the 60 
equivalent electric circuit of the transformer 
of Figure 1; 

Figure 3a is a circuit diagram of one 
form of high voltage rectifier system accord- 
ing to the invention; 65 

Figure 3b is a circuit diagram of the well- 
known Cockcroft/Walton high voltage recti- 
fier system: 

Rgure 4 is a circuit diagram of an alter- 
native form of high voltage rectifier system 70 
according to the invention: 

Figures 5a and 5b are diagrammatic views 
showing how the intersecondary capaci- 
tances of the transformer of Figure 1 may 
be increased; 75 

Figures 6 and 7 are schematic views of 
alternative forms of the transformer of 
Figure 1: 

Figure 8 is a sectional side view of a 
high voltage rectifier system employing a 80 
transformer of the type disclosed in Figure 1 : 

Figure 9 is an end elevation of Ficure 8; 
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Figures 10 and 11 are sectional side views 
of the high voltage rectifier system of Figure 
8 having their transformers modified accord- 
ing to Figures 6 and 7 respectively; 
5 Figures 12. 13 and 14 are circuit diagrams 
of further forms of high voltage rectifier 
systems according to the invention. 

The transformer construction of Figure 1 
comprises a primary winding P wound about 

10 a central limb of a magnetic core M. The 
primary winding may consist of one or 
more layers. The central limb also carries 
a plurality of secondary windings SI . . . 
S5, each of whidi consists of a smgle layer. 

15 All of the secondary windiogs are wound 
in the same dkection and occupy the same 
winding width. A layer LI of relatively 
thick insulating material is provided between 
the primary winding P and the secondary 

20 winding SI to minimise capacitance from 
the secondary winding SI to the primary 
wmding P and the central limb of me core 
M. Layers L2 . . . L6 of insulating ma- 
terial are inserted between the secondary 

25 wlndmgs Si . . . S5. These layers are made 
no thidcer than necessary to meet voltage 
stress requurements. Further to mcrease 
the capacitance between the secondary 
windings SI. . . S5, the magnetic core M is 

30 preferably provided with a long central limb 
to enable the secondary winding width to 
be greater than the mean diameter of the 
secondary windings SI . . . S5. Also, the 
layers L2 . . . L6 are (rf a material having 

35 a high breakdown stress (V/cm) x per- 
mittivity product This construction results 
in a mgh intersecondary capacitance and 
also in a high ratio of self Inductance to 
leakage inductance. With this construction 

40 it has been found possible to design trans- 
formers whose leakage inductance is not 
laige enough to affect significantly the 
operation of the rectifier system. 
In this case the simplifi^i lumped con- 

45 stant equivalent circuit is shown in Figure 
2. Smce the primary to single secondary 
voltage ratio N is normally lajge the Cp/s 
capacitance is approximately equivalent to 
Cp/s 

in shunt with the primary. How- 

4 

50 ever in the absence of external secondary 
connections it will be seen that the inter- 
layer capacitances (Css) bridge points are 
of equal A.C potential and as such do not 
contribute to me equivalent shunt capaci- 

55 tance. This means that the total shunt 
capacitance referred to the primary is almost 
wholly determmed by Cp/s, the stray capaci- 
tance associated with the outer secondary 
wmding and any external connections to 

60 the secondary windings. It is essentially 
independent of both the number of secon- 
dary windings and the capacitance between 
each winding. 



In order to provide a high voltage recti- 
fier system, rectifiers R are connected be- 6E 
tween the secondary windings SI . . . S5 
as shown in Figure 3a. For comparison* 
the well known Cockcroft/Walton high 
voltage rectifier is shown in Figure 3b. It 
will be seen that the rectifiers R m con- 7( 
junction with the secondary interwinding 
capacitances form a rectifier multiplier sys- 
tem similar to the Cockcroft/Walton multi- 
plier but whh secondary windings bridging 
points in the chain vi, nominally equal A.C. 7£ 
potential. 

The Cockcroft/Walton multiplier norm- 
ally requires large couplmg capacitors as 
each capacitor carries both the feed current 
for both the rectifier to which it is con- gc 
nected and also for every succeeding recti- 
fier in the chain. The capacitor size re- 
quired for a given capacitor reactive volt- 
age drop per stage depends on both the 
load current and the number of stages in 
the chams. In the sj^stem shown in Figure 
3a no separate capacitors are required and 
because the secondary windings maintain 
equal A.C. potential tietween the two sides 
of the chain, the reactive drop at each stage gc 
is mdependent of the number of stages. 

The equivalent circuit chosen (Figure 2) 
shows secondary interwinding capacitance 
as two lumped elements referred to each 
end of the secondary. This equivalent has 95 
been chosen as it gives a clear representation 
of the basic mode of operation of the recti- 
fier chain. In fact this capacity is of course 
distributed across the whole of each pair 
adjacent secondary windings and at first 100 
examination the equivalent secondary induc- 
tance in series with this capacitor might be 
expected to seriously modify circuit opera- 
tion. This however is not a problem provided 
that the primary and secondary windings 106 
are tightly coupled and that the primary 
circuit presents a low impedance to the fre- 
quency components characteristic of the 
pulse current demands of the rectifiers R. 
If the prhnary circuit impedance approxi- no 
mates to zero, current flow via the second- 
ary windings into the intersecondary capa- 
citances will only be opposed by tibe secon- 
dary leakage inductance. Because the trans- 
former construction requirements for maxi- 
mum secondary interwinding capacity co- 
incide with those for low leakage inductance 
it is not difiicult to achieve a sufficiently 
low leakage inductance for proper rectifier 
operation. 220 

Figure 3a shows a rectifier chain when 
n^n=number of rectifiers) is even. In a 
similar manner the system can be used 
where n is odd. Such a circuit is shown in 
the self explanatory Figure 4 which com- 125 
•prises an additional secondary winding S6. 

In some cases it may not be possible to 
achieve suflScieni intersecondary capacity 
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in a single layer. In this case the second- 
ary windings of Figures 3a and 4 can each 
be replaced with parallel connected groups 
of secondary windings as shown in Figures 

5 5a and 5b. Each element of the new secon- 
dary groups is again in a single layer, indi- 
vidual layers of insulating material being 
provided between the adjacent layers of the 
secondary windings. The most advantage- 

10 ous groupings occur when the number of 
elements forming each secondary winding 
is odd. Figure 5a shows an arrangement 
where the intermediate secondary windings 
each comprise three elements and Kgure 

16 5b shows an arrangement where the inter- 
mediate secondary windmgs each comprise 
five elements. It is not essential to parallel 
the free ends of the secondaries as in the 
ideal case these carry no current, but in 

20 some cases it may reduce leakage induct- 
ance. 

If it is not convenient to achieve the secon- 
dary voltage requked in a single layer it is 
also possible to series connect the secondary 

26 elements in the grouping systems described 
above but in this case it is no longer possible 
to maintain the equivalent primary shunt 
capacitance independent of secondary inter- 
layer capacitance. 

30 An alternative method of augmenting the 
secondary interwinding capacity is shown 
in Figure 6. Here the secondary windings 
SI . , , S5 are split in half and symmetrically 
disposed about and connected to individual 

35 central single turns of metallic foil F which 
increases the intersecondary capacitance. If 
each foil F provides the major part of the 
capacitance the open circuit end of each 
secondary plays little part in the circuit 

40 operation and can be omitted. The inverse 
of this construction is also possible (Figure 
7). where the foils F are placed at ends of 
the secondary windings SI . . . S5. In both 
cases the ends of the foils F must be 

i5 spaced or insulated to avoid the formation 
of a short circuit turn. 

One form of high voltage rectifier sys- 
tem IS shown in detail in Figures 8 and 9. 
Parts corresponding to those shown in 

50 transformer of Figure 1 have been given the 
same references. The primary winding P of 
the transformer is wound on a former A 
which is mounted on a limb B of a mag- 
netic core D. The layer LI (Figure 1) is 

55 provided by a former E which surrounds 
the primary windmg P and carries second- 
ary windings SI. S2 and S3 and layers L2. 
L3 and L4. The former E and the layers 
L2. L3 and L4 may be of, for example, 

60 polycarbonate. Although only three secon- 
dary windings are shown, it will be appreci- 
ated that the number of secondary wuidings 
may be increased to provide the required 
output, voltage. The secondary windings 

66 and the rectifiers R are connected to appro- 



priate terminals T mounted in the ends of 
the former E. The layers L2. L3 and L4 
have each been represented by a single line 
since they are very thin when compared 
with the diameter of the wire used to pro- 70 
vide the secondary windings of the trans- 
former. 

Figures 10 and 11 are similar to Figure 8 
except that the foils F have been inserted 
as in Figures 6 and 7 respectively. 75 

While this system has significant advant- 
ages it suffers from the limitations that the 
alternating current circuit of each rectifier 
includes the series impedance of the capa- 
citances between pairs of secondary wind- 80 
iBgs. 

The relatively low value of this capaci- 
tance limits the usefulness of the system to 
high voltage low current rectifier systems 
operating at high frequency, as operation 85 
at high current or low frequencies may re- 
sult in a large reactive voltage drop with 
consequent poor voltage regulation. 

This disadvantage may be readily over- 
come by connecting the rectifiers R as shown 90 
in Figure 12. It will be seen that each rec- 
tifier R is symmetrically disposed between 
a pau- of secondary windings. If the inter- 
secondary capacitances (Css) is sufliciently 
large each rectifier in conjunction with its 95 
associated inner secondary wmding develops 
a D.C. voltage approxunately equal to the 
secondary peak voltage across the upper J 
Css. and each rectifier in conjunction with 
Its outer secondary winding also develops a 100 
similar vohage across the lower i Css. The 
mean D.C. voltages are naturally equal as 
the secondary windings provide a low D.C. 
resistance path between the equivalent 
lumped elements of the intersecondary capa- 105 
citance. 

^ Apart from deliberate disposition of the 
infersecondary capacitances this circuit con- 
sists of the series connection of a number 
of half wave rectifier systems. However. 110 
if such a system were constructed without 
such a controlled distribution of intersecon- 
dary capacitance it would be necessary to 
add externally at least the capacitors equi- 
valent to either the upper or the lower chains 116 
of Y Css in order to ensure substantially 
equal inverse voltage distribution between 
the rectifier diodes. In the system proposed 
the minimum intersecondary capacitance for 
good inverse voltage distribution is quite 120 
small, as the impedance of this capacity 
need only be small enouph to swamp the 
variations in reverse impedances of the rec- 
tifier diodes in the chain. If conventional 
windmg techniques are adopted and external 125 
capacitors fitted these capacitors would need 
to be large enough to swamp both the rec- 
tifier reverse imnedance variations and any 
asymmetric capacitance distribution between 
the transformer secondary windings, 130 
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The second important difference is that 
in this particular transformer construcUon 
the mtersecondary capacities bridge points 
are of equal A.C. potential. Besides result- 
5 iqg in low equivalent shunt capacity this 
also results m a predommantly D,C stress 
across the intersecondaiy insulation. This 
pemits the interlayer msulation to be sub- 
jected to a high voltage stress without dan- 

10 ger of ionization and also permits the use 
of insulation material which may have com- 
paratively poor power factor at the operat- 
ing frequency and temperature of the trans- 
former. , 

15 So far the system discussed rehes on the 
intersccondary capacities to provide the 
whole of the rectifier reservoir capaciQr. 
Operation in the manner described is limited 
to load currents which are low enough to 

20 permit the mtersecondary capacities to re- 
main charged to a large fraction of the 
secondary peak voltage durmg the inter- 
vals in which the rectifiers are non conduct- 
ing. For larger load currents external reser- 

25 voir capacity is required to achieve a suffi- 
ciently low ripple voltage. However a single 
capacitor bridging the output terminals is 
sufficient, it is not necessary to uicrease the 
values of the intersccondary capacities which 

30 only require to be lai:^e enough to swamp 
rectifier reverse variations m reverse im- 
pedance between the rectifier in the diain. 

If the rectifier system is used to supply 
large load currents it may be preferable to 

35 use a full wave system, which may be 
achieved by combining two rectifier chains 
as shown in Figure 4. This is equivalent 
to a triple full wave bridge rectifier. It is 
also possible to start or termmate the chsun 

40 with a half bridge circuit. Bgure 14 shows 
a full wave rectifier chain which both starts 
and terminates with half bridge cuxuits. 

WHAT WE CLAIM IS:— 

1. A transformer fed high voltage low 
46 current rectifier system adapted for opera- 
tion at high frequency (e.g. 50 Kc/s), m 
which the transformer comprises a plurality 
of secondary wmdmgs with rectifiers appro- 
priately connected therebetween, the trans- 

50 former being so designed that the mterwind- 
ing capacities of the transformer form a sub- 
stantial part or all of the couplmg and/or 
reservoir capacitance. 

2. A transformer according to Qaim 1, 
65 in which adjacent pairs of the secondary 

windings have individual rectifiers connected 
tlierebetween, the transformer being so de- 
signed that the interwinduig capacities of 
the secondary windings serve to equalise the 
60 voltages developed across the rectifiers. 

3. A rectifier system according to Claim 
1 or 2. in which the secondary wmdings are 
wound in concentric layers about a mag- 
netic core with the layers having substanti- 



ally the same number of turns, bemg wound 65 
in the same direction and bemg of substanti- 
ally equal length. 

4. A rectifier system according to Qaim 
3. wherein the lengths of the secondary 
windings are greater than the mean diameter 70 
thereof. 

5. A rectifier system according to Qaim 
3 or 4. in which the secondary windings each 
comprise a plurality of winding layers. 

6. A rectifier system according to Oaim 75 
5. in which the layers of the secondary wind- 
ings are interieaved with the layers of at 
least one adjacent secondary windmg to 
increase the interwinding capacities. 

7. A rectifier system according to any 80 
preceding claim, in which each secondary 
wmding has at least one metallic foil 
mounted in side-by-side relationship there- 
with, each winding and its respective foil 
being electrically connected to increase the 85 
interwinding capacities. 

8. A rectifier system accordmg to any 
preceding claim, wherein the secondary 
windings are mounted on a former having 
terminals at the ends thereof to which the 90 
secondary wmdings and the rectifiers are 
connected. 

9. A rectifier system according to any 
preceding claim, in which each pair of ad- 
jacent secondary windings has an indivi- 95 
dual rectifier connected between opporfte 
ends thereof. 

10. A rectifier system according to 
Claim 9. in which the terminals of one polar- 
ity of the rectifiers are connected to homo- 100 
logous ends of their respective inner secon- 
dary windings while the other terminals of 
the' rectifiers are connected to the homo- 
logous ends of their respective outer second- 
ary windings. 106 

11. A rectifier system according to 
Gaim 9, in which each intermediate secon- 
dary winding has connected to one end 
thereof the positive terminal of one recti- 
fier and the negative terminal of another 110 
rectifier. 

12. A rectifier system according to any 
preceding claim, in which each pair of ad- 
jacent secondary windings has a first recti- 
fier connected between opposite ends thrae- 116 
of and a second rectifier connected between 
the other pair of opposite ends thereof, the 
terminals of the rectifiers connected to their 
respective Inner windings ail being of the 
same polarity. 120 

13. A rectifier system accordmg to 
Oaun 12. in which an output terminal is 
coimected to a centre-tap on the outermost 
secondary winding. 

14. A rectifier system according to 126 
Claim 12, in which an output terminal is 
connected to a centre-tap on the innermost 
secondary winding. 

15. A rectifier system according to 
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Qaim 12, having a pair of reversely con- 
nected rectifiers serially connected between 
the ends of the outermost secondary wind- 
ing and an output terminal connected to the 
junction of the pair of rectifiers, the ter- 
minals of the pair of rectifiers connected to 
the outermost secondary windmg being of 
opposite polarity to the terminals of the 
respective first and second rectifiers con- 
nected thereto. 

16, A rectifier system according to 
Qaim 12, having a pair of reversely con- 
nected rectifiers serially connected between 
the ends of the innermost secondary wind- 
ing and an output terminal connected to 



the junction of the pair of rectifiers, the 
terminals of the pair of rectifiers connected 
to the innermost secondary winding being 
of opposite polarity to the terminals of the 
respective first and second recti^rs con- 
nected thereto. 

17. A transformer fed high voltage low 
current rectifier system substantially as 
herein described with reference to Figure 
3a. or Figure 4 or Figure 12 or Figure 13 
or Figure 14 of the accompanying drawings. 

ERNEST HEY. 
Oiartered Patent Agent. 
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